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7KH &RORUDGR SRWDWR EHHWOH Leptinotarsa
decemlineata 6D\ LV D PDMRU SHVW RI SRWDWRHV LQ
PRVW SRWDWR JURZLQJ UHJLRQV RI WKH ZRUOG
LQFOXGLQJ ,UDQ ,Q WKH DEVHQFH RI FRQWURO SUDFWLFHV
L. decemlineata SRSXODWLRQV FDQ FRPSOHWHO\
GHIROLDWH SRWDWR SODQWV ,Q JHQHUDO SRWDWR SODQWV
DUH VHQVLWLYH WR EHHWOH GHIROLDWLRQ XS WR  GD\V
DIWHU SODQWLQJ =HKQGHU DQG (YDQ\OR 
+RZHYHU PRVW RI WKH GDPDJH LV FDXVHG DW WKH
EHJLQQLQJ RI EORRPLQJ ZKLFK FRLQFLGHV ZLWK
WXEHU IRUPDWLRQ DQG ILOOLQJ +DUH  7KLV
LQVHFW ZDV D TXDUDQWLQH SHVW LQ ,UDQ EXW LQ 
ZDV UHSRUWHG IURP $UGDELO WKH PDMRU SRWDWR
SURGXFWLRQ UHJLRQ RI ,UDQ 1RXUL *DQEDODQL

L. decemlineata FRQWURO PDLQO\ LQYROYHV WKH XVH RI
LQVHFWLFLGHV 'HYHORSPHQW RI UHVLVWDQFH WR
RUJDQRFKORULQH LQVHFWLFLGHV E\ L. decemlineata
RFFXUUHG TXLFNO\ 0F'RQDOG  +DUULV DQG
6YHF  +DUULV DQG 6YHF  DQG LV
ZLGHVSUHDG 5HVLVWDQFH WR RUJDQRSKRVSKRURXV
FDUEDPDWH DQG S\UHWKURLG LQVHFWLFLGHV KDV EHHQ
GRFXPHQWHG LQ PDQ\ ORFDWLRQV +DUULV DQG 6YHF
 +HLP HW DO  )UHQFK HW DO  3DS HW
DO  7KLV LQVHFW KDV D KLJK SRWHQWLDO IRU WKH
GHYHORSPHQW RI UHVLVWDQFH DJDLQVW GLIIHUHQW
LQVHFWLFLGDO FKHPLFDOV LQFOXGLQJ UHFHQWO\
UHJLVWHUHG SURGXFWV =KDR HW DO  &XWOHU HW DO
 7KUHH PDLQ UHDVRQV IRU WKLV KLJK SRWHQWLDO
DUH LWV KLJK FDSDELOLW\ IRU LQFUHDVLQJ LWV SRSXODWLRQ
LQ D VKRUW SHULRG RI WLPH 6HQDQD\DNH HW DO 
WKH VHOHFWLRQ RI UHVLVWDQW LQGLYLGXDOV GXH WR D
KLJKHU FKDQFH RI H[SRVXUH RI DOO DFWLYH VWDJHV WR
LQVHFWLFLGHV )ROOHWW HW DO  DQG FURVV
UHVLVWDQFH WR VHYHUDO LQVHFWLFLGHV DV D UHVXOW RI D
VLQJOH UHVLVWDQFH PHFKDQLVP RU WKH FRH[LVWHQFH
RI VHYHUDO UHVLVWDQFH PHFKDQLVPV OHDGLQJ WR
PXOWLSOH UHVLVWDQFH WR VHYHUDO LQVHFWLFLGHV )UHQFK
HW DO  %HVLGHV WKHVH RWKHU IDFWRUV VXFK DV
WKH DEVHQFH RI FURS URWDWLRQ LQ VRPH UHJLRQV DQG
WKH RFFXUUHQFH RI ORFDO SRSXODWLRQV RI L.
decemlineata, PD\ OHDG WR KRPR]\JRFLW\ IRU
LQVHFWLFLGHUHVLVWDQFH
6LQFH WKH GHYHORSPHQW RI UHVLVWDQFH FDQ DIIHFW WKH
HIILFLHQF\ RI DYDLODEOH LQVHFWLFLGHV IRU L.
decemlineata FRQWURO XQGHUVWDQGLQJ WKH
UHVLVWDQFH VWDWXV RI L. decemlineata SRSXODWLRQV
ZRXOG EH XVHIXO )UHQFK HW DO  $ VXFFHVVIXO
UHVLVWDQFH PDQDJHPHQW VWUDWHJ\ LQYROYHV D
WKRURXJK NQRZOHGJH RI UHVLVWDQFH PHFKDQLVPV
,RDQQLGLVHWDO
$SSOLFDWLRQ RI LQVHFWLFLGH V\QHUJLVWV LV RQH RI WKH
HDVLHVW DQG IDVWHVW SURFHGXUHV WR REWDLQ
SUHOLPLQDU\ LQIRUPDWLRQ DERXW SRWHQWLDO
PHFKDQLVPV RI UHVLVWDQFH 6FRWW  3LSHURQ\O
EXWR[LGH LQKLELWV F\WRFKURPH 3 PLFURVRPDO
PRQRR[\JHQDVHV DQG 666WULEXW\OSKRVSKRUR
WULWKLRDWH '() LQKLELWV HVWHUDVHV DQG
JOXWDWKLRQH 6WUDQVIHUDVH 6LQFH HQGRVXOIDQ GRHV
QRW KDYH DQ HVWHU ERQG LQ VXFK V\QHUJLVP VWXGLHV
'() DFWV DV JOXWDWKLRQH 6WUDQVIHUDVH LQKLELWRU
5XILQJLHUHWDO
(QGRVXOIDQ LV ERWK DQ HIIHFWLYH LQVHFWLFLGH DJDLQVW
L. decemlineata DQG LV HFRQRPLFDO VR LW KDV EHHQ
ZHOO DFFHSWHG DQG XVHG IRU VHYHUDO \HDUV E\ SRWDWR
JURZHUV LQ PDQ\ SRWDWR JURZLQJ UHJLRQV RI
QRUWKZHVWHUQ ,UDQ +HQFH GHWHUPLQLQJ WKH
H[LVWHQFH DQG SRVVLEOH FDXVDO PHFKDQLVPV RI
UHVLVWDQFH WR WKLV LQVHFWLFLGH LV RI SULPH
LPSRUWDQFH 7R DFKLHYH WKLV JRDO HQGRVXOIDQ ZDV
WHVWHG RQ WK LQVWDU ODUYDH RI WKH L. decemlineata
SRSXODWLRQV DQG SRVVLEOH PHFKDQLVPV RI




'XULQJ  DQG  SRSXODWLRQV RI &RORUDGR
SRWDWR EHHWOH ZHUH FROOHFWHG IURP SRWDWR ILHOGV RI
$UGDELO FRXQW\ LQ WKH SURYLQFH RI $UGDELO DQG
%RVWDQDEDDG DQG $MDEVKLU FRXQWLHV LQ (DVW
$]DUEDLMDQ SURYLQFH ,Q %RVWDQDEDDG WKH ILHOG
VDPSOHG LQ  ZDV GLIIHUHQW IURP WKH VDPSOHG
ILHOG LQ  $ VXVFHSWLEOH VWUDLQ ZDV VXSSOLHG E\
0 6 *RHWWHO $JULFXOWXUH DQG $JUL)RRG &DQDGD
5HVHDUFK &HQWHU /HWKEULGJH &RORQLHV RI WKHVH
LQVHFWV ZHUH UHDUHG LQ JUHHQKRXVH DW    & 
  5+ DQG  /' SKRWRSHULRG RQ
XQVSUD\HG SRWDWR IROLDJH DQG ZHUH PRQLWRUHG IRU
LQVHFWLFLGHUHVLVWDQFH
&KHPLFDOV
7HFKQLFDO JUDGH HQGRVXOIDQ  SXULW\ ZDV
VXSSOLHG E\ %D\HU &URSVFLHQFH
ED\HUFURSVFLHQFHFRP 666WULEXW\OSKRVSKRUR
WULWKLRDWH '() DQG SLSHURQ\O EXWR[LGH ZHUH
SXUFKDVHG IURP &KHP 6HUYLFH FKHPVHUYLFHFRP
DQG )OXND &KHPLH VLJPDDOGULFKFRP
UHVSHFWLYHO\ FKORUR GLQLWUREHQ]HQH
&'1% DQG UHGXFHG JOXWDWKLRQH ZHUH SXUFKDVHG
IURP 0HUFN PHUFNGH FRSSHU VXOIDWH DQG
ELFLQFKRQLQLF DFLG IURP 6LJPD$OGULFK &KHPLH
VLJPDDOGULFKFRP DQG ERYLQ VHUXPH DOEXPLQ
DQG HWK\OHQH GLDPLQH WHWUDDFHWLF DFLG ZHUH
SXUFKDVHGIURP&DUO5RWKFDUOURWKGH
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%LRDVVD\V ZHUH FRQGXFWHG XVLQJ ± KRXU ROG
WK LQVWDU ODUYDH 7R REWDLQ XQLIRUP ODUYDH IRU XVH
LQ ELRDVVD\V XS WR  KRXU ROG ODUYDH ZHUH IHG IRU
 KRXUV XQGHU UHDULQJ FRQGLWLRQV 7KH
LQVHFWLFLGH ZDV GLVVROYHG LQ DFHWRQH DQG  LQ
 RU  ƫO LQ  DOLTXRWV ZHUH GHSRVLWHG
RQ WKH PHVRQRWXP 7KH FRQWURO ODUYDH ZHUH
WUHDWHG ZLWK  RU  ƫO DFHWRQH 7KH UDQJHV RI
HQGRVXOIDQ GRVHV IRU VXVFHSWLEOH DQG UHVLVWDQW
VWUDLQV ZHUH ± DQG ± ƫJODUYD
UHVSHFWLYHO\ 7HFKQLFDO GLIILFXOWLHV PDGH LW
QHFHVVDU\ WR FKDQJH WKH GURSOHW VL]H WR  ƫOL Q
 ZKLFK LV OLNHO\ WR KDYH LQFUHDVHG WKH DUHD RI
WKHFXWLFOHVXUIDFHWUHDWHG
7KH WUHDWHG ODUYDH ZHUH SODFHG LQ  [  [  FP
WUDQVSDUHQW SODVWLF FRQWDLQHUV DQG VXSSOLHG ZLWK
XQWUHDWHG SRWDWR IROLDJH 7KH WUHDWHG LQVHFWV ZHUH
NHSW DW    & DQG  /' SKRWRSHULRG DQG
PRUWDOLW\ ZDV UHFRUGHG  K DIWHU WUHDWPHQW 7KH
DIIHFWHG ODUYDH ZHUH FRQVLGHUHG DOLYH LI WKH\ FRXOG
PRYH WKHLU OHJV DQG ERG\ DIWHU WRXFKLQJ RQH OHJ
ZLWK D QHHGOH )LYH OHYHOV RI WKH LQVHFWLFLGH ZHUH
XVHG LQ DOO WUHDWPHQWV DQG HDFK WUHDWPHQW
FRQVLVWHG RI ± UHSOLFDWHV 7KH SURELW RSWLRQ RI
6366 ZDV XVHG IRU DQDO\]LQJ GRVHPRUWDOLW\ GDWD
6366
6\QHUJLVPVWXGLHV
7KH V\QHUJLVWV XVHG LQ WKLV VWXG\ ZHUH '() DQG
SLSHURQ\O EXWR[LGH 7KHVH FKHPLFDOV ZHUH
GLVVROYHG LQ DFHWRQH DQG DSSOLHG WRSLFDOO\ RQH
KRXU SULRU WR WUHDWPHQW ZLWK HQGRVXOIDQ XVLQJ WKH
VDPH SURFHGXUH GHVFULEHG DERYH (DFK WUHDWHG
ODUYD UHFHLYHG  ƫJ '() RU  ƫJ SLSHURQ\O
EXWR[LGH 7KHVH ZHUH WKH KLJKHVW GRVHV RI WKH
V\QHUJLVWV WKDW VKRZHG QR PRUWDOLW\ RQ WKH
VXVFHSWLEOH VWUDLQ 7KH FRQWURO ODUYDH ZHUH WUHDWHG
ZLWK SLSHURQ\O EXWR[LGH RU '() 7KH LQVHFWLFLGH
GRVHV DQG WKH SURFHGXUH XVHG IRU GDWD DQDO\VLV
ZHUH VLPLODU WR WKRVH GHVFULEHG DERYH (DFK
WUHDWPHQWZDVUHSOLFDWHGIRXUWLPHV
%LRFKHPLFDODVVD\V
*OXWDWKLRQH 6WUDQVIHUDVH DFWLYLW\ ZDV PHDVXUHG
XVLQJ &'1% +DELJ HW DO  $EGRPHQV RI
IRXUWK LQVWDU ODUYDH ZHUH KRPRJHQL]HG LQ
SKRVSKDWH EXIIHU  P0 S+  FRQWDLQLQJ 
P0 UHGXFHG JOXWDWKLRQH 7KH KRPRJHQDWH ZDV
FHQWULIXJHG DW  J DQG Û& DQG WKH
VXSHUQDWDQW ZDV XVHG DV WKH HQ]\PH VRXUFH ,Q D
ILQDO YROXPH RI  PO WKH UHDFWLRQ PL[WXUH
FRQVLVWHG RI  ƫO VXSHUQDWDQW  ƫO  P0 &'1%
LQ PHWKDQRO DQG  PO RI WKH EXIIHU $IWHU DGGLQJ
&'1% WKH UHDFWLRQ ZDV DVVD\HG VSHFWUR
SKRWRPHWULFDOO\ 6KLPDG]R 89 DW  QP
IRU  PLQ DQG WKH DFWLYLW\ ZDV FDOFXODWHG XVLQJ WKH
H[WLQFWLRQ FRHIILFLHQW RI  P0ïFPï $ EODQN
FRQVLVWHG RI  ƫO &'1% DQG  PO RI WKH
SKRVSKDWH EXIIHU HDFK WUHDWPHQW ZDV UHSOLFDWHG
IRXU WLPHV 7R GHWHUPLQH 0LFKDHOLV0HQWHQ
SDUDPHWHUV WKH LQLWLDO YHORFLW\ RI UHDFWLRQV
UHVXOWLQJ IURP VL[ GLIIHUHQW FRQFHQWUDWLRQV RI
&'1%  P0 ZLWK WKH HQ]\PH IUDFWLRQ
ZHUH PHDVXUHG VHSDUDWHO\ LQ ERWK VXVFHSWLEOH DQG
UHVLVWDQW VWUDLQV 7KH .P DQG 9PD[ YDOXHV ZHUH
REWDLQHG IURP /LQHZHDYHU%XUN SORW 7KHVH
WUHDWPHQWVZHUHUHSOLFDWHGWKUHHWLPHV
3URWHLQ FRQWHQW ZDV PHDVXUHG ZLWK ELFLQFKRQLQLF
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&RPSDUHG ZLWK WKH VXVFHSWLEOH VWUDLQ WKH
%RVWDQDEDDG VWUDLQ ZDV  DQG  WLPHV
UHVLVWDQW WR HQGRVXOIDQ LQ  DQG 
UHVSHFWLYHO\ 7KH UHVLVWDQFH UDWLRV IRU $MDEVKLU
DQG $UGDELO VWUDLQV ZHUH  DQG  UHVSHFWLYHO\
7DEOH  $V VKRZQ LQ 7DEOH  SLSHURQ\O EXWR[LGH
DQG '() GLG QRW V\QHUJL]H HQGRVXOIDQ LQ WKH
VXVFHSWLEOH VWUDLQ EXW HQKDQFHG WKH WR[LFLW\ RI
HQGRVXOIDQ LQ WKH UHVLVWDQW %RVWDQDEDDG VWUDLQ
SLSHURQ\O EXWR[LGH DQG '() UHGXFHG UHVLVWDQFH
 DQG  WLPHV UHVSHFWLYHO\ *OXWDWKLRQH
6WUDQVIHUDVH DFWLYLW\ RI VXVFHSWLEOH DQG UHVLVWDQW
L. decemlineata VWUDLQV ZDV PHDVXUHG XVLQJ in
vitro &'1% 7DEOH  1R VWDWLVWLFDO GLIIHUHQFH P
!  ZDV REVHUYHG EHWZHHQ WKH WZR VWUDLQV
7KHUH ZDV DOVR QR GLIIHUHQFH P !  LQ 9PD[
IRU JOXWDWKLRQH 6WUDQVIHUDVH DFWLYLW\ WRZDUG
&'1% EHWZHHQ WKH VXVFHSWLEOH DQG UHVLVWDQW
VWUDLQV $IILQLW\ RI JOXWDWKLRQH 6WUDQVIHUDVH IRU
&'1% DV DGGUHVVHG E\ KLJKHU .P LQ UHVLVWDQW YV
VXVFHSWLEOH VWUDLQV ZDV VLJQLILFDQWO\ P  
ORZHULQWKHUHVLVWDQWVWUDLQ
'LVFXVVLRQ
0RQRR[\JHQDVH DQG JOXWDWKLRQH 6WUDQVIHUDVH
EDVHG PHWDEROLVP KDYH EHHQ VKRZQ WR EH
DVVRFLDWHG ZLWK LQVHFWLFLGH UHVLVWDQFH LQ L.
decemlineata $UJHQWLQH HW DO  GHPRQVWUDWHG
WKDW WKHVH HQ]\PH V\VWHPV ZHUH LQYROYHG LQ
UHVLVWDQFH WR D]LQSKRVPHWK\O DQG SHUPHWKULQ
2WKHU LQYHVWLJDWLRQV KDYH DOVR VKRZQ WKH
LPSRUWDQFH RI GHWR[LI\LQJ PHFKDQLVPV LQ L.
decemlineata UHVLVWDQW VWUDLQV $UJHQWLQH HW DO
 $KDPPDG6DKLE HW DO  =KDR HW DO

2XU UHVXOWV LQGLFDWH WKDW R[LGDVHV DQG JOXWDWKLRQH
6WUDQVIHUDVHV PD\ EH LQYROYHG LQ HQGRVXOIDQ
PHWDEROLVP LQ WKH UHVLVWDQW %RVWDQDEDDG
SRSXODWLRQ EXW PD\ QRW EH VROHO\ UHVSRQVLEOH IRU
HQGRVXOIDQ UHVLVWDQFH LQ WKLV VWUDLQ EHFDXVH WKH
WUHDWPHQW ZLWK WKH V\QHUJLVWV FRXOG QRW FRSH ZLWK
WKH UHVLVWDQFH SUREOHP FRPSOHWHO\ 7KLV VXJJHVWV
WKDW RWKHU PHFKDQLVPV PD\ EH LQYROYHG DV ZHOO
/LQ HW DO  DOVR GLG QRW ILQG PHWDEROLF
GHWR[LILFDWLRQ DV DQ LPSRUWDQW PHFKDQLVP IRU
GLHOGULQUHVLVWDQFHLQ Tribolium castaneum.
$OWKRXJK JOXWDWKLRQH 6WUDQVIHUDVH LV D PDMRU
GHWR[LI\LQJ HQ]\PH V\VWHP LQ LQVHFWLFLGH
GHWR[LILFDWLRQ +HPLQJZD\  .RVWDURSRXORV
HW DO  RXU UHVXOWV IURP WKH ELRFKHPLFDO
DVVD\V DUH LQ DJUHHPHQW ZLWK WKH V\QHUJLVP GDWD
DQG FRQILUP RQO\ D PLQRU HIIHFW RI JOXWDWKLRQH
6WUDQVIHUDVH LQ GHWR[LI\LQJ HQGRVXOIDQ LQ WKH
UHVLVWDQW VWUDLQ RI WKH L. decemlineata 7KHVH
UHVXOWV DUH VRPHZKDW VLPLODU WR WKRVH UHSRUWHG E\
/LQHWDO
$OWKRXJK FURS URWDWLRQ LV QRW D FRPPRQ SUDFWLFH
XVHG LQ SRWDWR JURZLQJ ILHOGV RI (DVW $]DUEDLMDQ
DQG $UGDELO SURYLQFHV VRPH FURS URWDWLRQ LV GRQH
XVLQJ ZKHDW DQG DOIDOID LQ URWDWLRQ ZLWK SRWDWRHV
6LQFH WKH VL]H RI DJULFXOWXUDO ILHOGV LQ WKH UHJLRQ LV
XVXDOO\ VPDOO ± KD LW GRHV QRW VHHP WKLV
IDLUO\ XQFRPPRQ SUDFWLFH ZRXOG FRQVLGHUDEO\
KLQGHU GHYHORSPHQW RI L. decemlineata UHVLVWDQFH
WR LQVHFWLFLGHV $PRQJ WKH DJULFXOWXUDO FURSV
JURZQ LQ WKH UHJLRQ QRQH LV FRQVLGHUHG DV DQ
DOWHUQDWH KRVW IRU L. decemlineata ZKLFK PHDQV
WKH KRVW GLIIHUHQFH DV ZHOO DV WKH GLIIHUHQFH LQ WKH
W\SH RI LQVHFWLFLGH XVHG IRU GLIIHUHQW KRVWV ZRXOG
QRW DIIHFW GHYHORSPHQW RI UHVLVWDQFH LQ WKLV LQVHFW
7KH KLVWRU\ RI HQGRVXOIDQ XVDJH DQG SRWDWR
SURGXFWLRQ SUDFWLFHV LQ WKH UHJLRQV PRQLWRUHG
PD\ H[SODLQ WKH YDULDWLRQ LQ WKH REVHUYHG
UHVLVWDQFHOHYHOV
%RVWDQDEDDG
7KH SHVW IRXQG LWV ZD\ WR WKH UHJLRQ LQ  $JULD
ZKLFK LV D PHGLXP WR ODWH PDWXULQJ FXOWLYDU LV
GRPLQDQWO\ SODQWHG LQ %RVWDQDEDDG DQG KDUERUV
L. decemlineata IRU RYHU  GD\V 7KH SRWHQWLDO
IRU ORQJ WHUP GDPDJH UHTXLUHV VSUD\V XS WR IRXU
WLPHV D \HDU RI ZKLFK WZR WR WKUHH RI WKH VSUD\V
LQFOXGH HQGRVXOIDQ (QGRVXOIDQ KDV EHHQ WKH
PDMRU FKHPLFDO IRU L. decemlineata FRQWURO VLQFH
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UHDFKHG LWV SHDN LQ  EXW KDV GHFOLQHG LQ WKH
SDVW WKUHH \HDUV GXH WR ODFN RI DFFHSWDEOH FRQWURO
+LJK VHOHFWLRQ SUHVVXUH FRXOG KDYH EHHQ WKH PDLQ
FDXVH RI WKH KLJK OHYHO RI UHVLVWDQFH IRU HQGRVXOIDQ
IRXQG LQ %RVWDQDEDDG 7KH KLJK IUHTXHQF\ RI
LQVHFWLFLGH DSSOLFDWLRQ DV DQ LPSRUWDQW FDXVH RI
UHVLVWDQFH GHYHORSPHQW KDV DOVR EHHQ UHSRUWHG E\
RWKHUV =KDR HW DO  'HYHORSPHQW RI
UHVLVWDQFH LQ VXFK D IDLUO\ VKRUW WLPH LV QRW
XQH[SHFWHG 5DSLG GHYHORSPHQW RI L.
decemlineata UHVLVWDQFH WR RUJDQRFKORULQH
+DUULV DQG 6YHF  DQG VRPH RWKHU
LQVHFWLFLGHV VXFK DV FDUERIXUDQ ,RDQQLGLV HW DO
 DQG DEDPHFWLQ $UJHQWLQH DQG &ODUN 
KDYH EHHQ UHSRUWHG $OWKRXJK LQ  WKH XVH RI
HQGRVXOIDQ ZDV VRPHZKDW GLPLQLVKHG WKH
FRQVLGHUDEOH GHFUHDVH LQ UHVLVWDQFH WR HQGRVXOIDQ
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GHFUHDVH LQ XVDJH ,QVWHDG LW LV SRVVLEOH WKDW
YDULDWLRQ EHWZHHQ ILHOGV LQ LQVHFW UHVSRQVH WR WKH
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±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 5HGXFWLRQ RI UHVLVWDQFH OHYHO LQ
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%HFDXVH SRWDWR SODQWV DUH KDUYHVWHG LQ ODWH -XO\
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XVXDOO\ SUHYHQWV FRPSOHWLRQ RI ODUYDO
GHYHORSPHQW +HQFH H[SRVXUH RI RQO\ D VPDOO
SURSRUWLRQ RI WKH SRSXODWLRQ WR LQVHFWLFLGHV PD\
UHVXOW LQ D ORZ IUHTXHQF\ RI VHOHFWLRQ WRZDUG
UHVLVWDQFH 7KH XVH RI LQVHFWLFLGHV EHORQJLQJ WR
YDULRXV JURXSV RI FKHPLFDOV LQ GLIIHUHQW ILHOGV DQG
\HDUV DOVR PDNHV VHOHFWLRQ SUHVVXUH IRU UHVLVWDQFH
OHVV RI D SUREOHP LQ WKLV UHJLRQ 7KLV LV LQ
DJUHHPHQW ZLWK +HLP HW DO  ZKR VWDWHG WKDW
WKH SUHVHQFH RI UG DQG WK JHQHUDWLRQV RI L.
decemlineata ZLWK QR VSUD\LQJ ZDV RQH RI WKH
PDLQ UHDVRQV IRU WKH GHOD\ LQ GHYHORSPHQW RU ORZ
OHYHOV RI UHVLVWDQFH WR LQVHFWLFLGHV 7KH GLIIHUHQFH
LQ WKH QXPEHU RI LPLGDFORSULG DSSOLFDWLRQV ±
WLPHV SHU \HDU LQ /RQJ ,VODQG SRSXODWLRQV RI L.
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FDXVH RI KLJKHU OHYHO RI UHVLVWDQFH WR WKLV
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 $OWKRXJK WKH DYDLODELOLW\ RI WKH KRVW
SODQW IRU D OLPLWHG WLPH DQG FRQVHTXHQWO\
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